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0 Method and apparatus for reconfiguring interconnections between switching system functional 
units. 

@ An illustrative method and structural arrangement for reconfiguration of switching system functional units 
where although the distributed control entities and the distributed switch units of a switching system are in fixed 
association, the association between peripheral circuits and the control and switch units is not fixed. Rather a 
group of peripheral circuits is connectable to at least first and second ones of the distributed switch units. When 
the group of peripheral circuits is connected to the first distributed switch unit, the control unit associated with 
the first distributed switch unit processes calls to and from the group of peripheral circuits. When the group of 
peripheral circuits is connected to the second distributed switch unit In response to a reconfiguration signal, the 
control unit associated with the second distributed switch unit processes calls to and from the group. In 
particular embodiments, the selective connection of the group of peripheral circuits to different distributed switch 
units is effected by an interconnection arrangement used to interconnect the switching system and a multiplex of 
communication circuits from a transmission facility. In one embodiment the interconnection arrangement is 
implemented using a digital access and crossconnect system (DACS). and in a second embodiment, using a 
plurality of add/drop multiplexers interconnected in a fiber ring. 
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TechnicalField 

This invention relates to telecommunications. 
5 Backgroundand Problem 

High reliability is customarily achieved in switching system designs by duplicating critical elements. As 
an alternative to full duplication, an n + 1 sparing design has been used in some switching systems in which 
one unit (e.g., a time-slot interchange unit or a memory unit) is designated as the spare for N associated 

70 active units. With such a design approach, the spare unit is provided with special connections to the 
associated units and can be controlled to temporarily perfomn the functions of one of the associated units. 
In the arrangement of U. S. Patent 4.700,340 issued to A. J. Beranek et al. on October 13,1987, a plurality 
of identical switching circuits are provided, including a plurality of spare switching circuits, for serving 
subscriber terminals connected via communication lines. A logical address is stored for each active 

75 switching circuit, as well as the physical designation of all switching circuits. A data distribution circuit 
operating under control of control data selectively distributes data packets from the communication lines to 
the active switching circuits. In the Beranek arrangement, a single control processor, which is responsible 
for the set of active and spare switching circuits, is responsive to change control signals identifying an 
active switching circuit, to store the logical address assigned to the identified active circuit in correspon- 

20 dence with a selected spare circuit in the memory of the single control processor, thereby designating the 
latter circuit as active. The single processor further transfers control data to the distribution circuit to control 
distribution of data packets to the selected switching circuit which has been designated to be active. 
System programs may employ logical addresses for the switching circuits and any reassignment of the 
physical circuits does not require a corresponding change in system programs. Although the Beranek 

25 arrangement achieves flexibility and convenience in reconfiguring a plurality of units under the control of a 
single control processor, the problem is substantially more difficult when the units to be reconfigured are 
under the control of a plurality of distributed control entities. 

U. S. Patent 4.710,926 issued to D. W. Brown et al. on December 1. 1987, discloses a distributed 
control switching system having a plurality of processor modules (referred to as processors) that are 

30 interconnected by a bus. Line processors serve conresponding user teleterminals. and call control proces- 
sors are used to direct the various phases of call processing in a switching system. A message called a 
heartbeat is broadcast among the processors once during each major processing cycle. The heartbeat 
message indicates the physical and logical identity of the transmitting processor with respect to the system 
arrangement as well as the processor's present operational state. By monitoring the heartbeats from other 

35 processors, spare processors can autonomously take over the functions of failed processors without being 
required to consult or obtain the approval of an executive processor. The new physical location of a 
replaced processor will be automatically recorded by the other processors. The Brown arrangement 
provides for ready reconfigurations because there is no fixed association between call control processors 
and line processors. However, since the switching mechanism is based on a simple bus rather than on a 

40 network of distributed switching units, the capacity of the switching system in terms of the number of lines 
and trunks that can be effectively served is limited. 

The AT&T switching system disclosed in the AT&T Technical Journal, July-Aug. 1985, Vol. 64. No. 6. 
Part Two, advantageously combines distributed control and distributed switching. The hardware architecture 
has three major components: an administrative module (AM), a communications module (CM), and one or 

45 more switching module (SMs). The AM provides the system-level interfaces required to operate, administer, 
and maintain the switching system. It performs functions that can most economically be done globally, such 
as common resource allocation and maintenance control. The basic function of the CM is to provide 
consistent communication between the SMs. and between the AM and the SMs. The CM includes a 
message switch which transfers call processing and administrative messages between the SMs and the AM, 

50 and between any two SMs. The CM further includes a time-multiplexed switch comprising a single-stage 
switching network that provides the digital paths for switched connections between the modules and for 
control messages among the modules. SMs provide call-processing intelligence, the first stage of switching 
network, and line and trunk units. The SMs represent distributed switching units. Each SM includes a 
switching module processor (SMP) which controls call processing, call distribution, and maintenance 

65 functions. The SMPs represent distributed control units. However, once the lines and trunks of the system 
are connected to SMs. there is no possibility of balancing the load between SMs. Accordingly, one SM may 
be taxed because of the processing requirements being placed on its SMP while another is limited because 
of the time-slot capacity of its time-slot interchange unit. Although the SMPs and time-slot interchange units 
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are duplicated, the peripheral circuits (lines or trunks) served by a given SM are necessarily taken out of 
service upon a failure of duplicated units, even though other SMs and SMPs are fully functional and, 
perhaps, underloaded. Flexible reconfiguration has heretofore not been possible because the association 
between peripheral circuits. SMPs, and SIVI time-slot interchange units has been fixed. 
5 In view of the foregoing, a need exists in the art for flexible reconfiguration of switching system 
functional units, particularly in systems combining distributed control and distributed switching. 

Solutton 

10 This need is met and a technical advance is achieved in accordance with the principles of the invention 
in an illustrative method and structural arrangement where although the distributed control entities and the 
distributed switch units of a switching system are in fixed association, the association between peripheral 
circuits and the control and switch units is not fixed. Rather a group of peripheral circuits is connectable to 
at least first and second ones of the distributed switch units. When the group of peripheral circuits is 

75 connected to the first distributed switch unit, the control unit associated with the first distributed switch unit 
processes calls to and from the group of peripheral circuits, Such call processing includes controlling call 
signaling communication with the group, controlling the establishment of switched connections in the first 
distributed switch unit to and from the group, and cooperating with other of the distributed control units to 
extend switched connections through other of the distributed switch units. When the group of peripheral 

20 circuits is connected to the second distributed switch unit in response to a reconfiguration signal, the control 
unit associated with the second distributed switch unit processes calls to and from the group. In particular 
embodiments, the selective connection of the group of peripheral circuits to different distributed switch units 
is effected by an interconnection arrangement used to interconnect the switching system and a multiplex of 
communication circuits from a transmission facility. In one embodiment the interconnection arrangement is 

25 implemented using a digital access and crossconnect system (DACS), and in a second embodiment, using 
a plurality of add/drop multiplexers interconnected in a fiber ring. 

A switching system (e.g.. FIG. 6) in accordance with the invention serves a plurality of peripheral 
circuits and includes switching means comprising a plurality of distributed switch units, and control means 
comprising a plurality of distributed control units each associated with one of the distributed switch units. 

30 The system further includes a connection means to selectively connect a group of the peripheral circuits to 
one of at least first and second ones of the distributed switch units, where the first and second distributed 
switch units are associated with first and second distributed control units, respectively. The system includes 
memory facilities storing data enabling the first distributed control unit to process calls to and from the 
group of peripheral circuits when the connection means connects the group of peripheral circuits to the tirst 

35 distributed switch unit. The stored data also enable the second distributed control unit to process calls to 
and from the group of peripheral circuits when the connection means connects the group of peripheral 
circuits to the second distributed switch unit. 

An illustrative method of the invention is used in a central office wire center CO-2000 (FIGS. 4a and 4b) 
including an interconnect arrangement (DNU 2059) terminating transmission facilities (2060, 2070) and 

40 further including a switching system comprising a plurality of units including peripheral units (AlUs, TIUs) for 
interfacing peripheral circuits (lines, trunks) with tiie switching system. The plurality of units also Includes 
switching units (TSIUs 2031, 2032) for providing switched communication among the peripheral circuits in 
response to calls to and from the peripheral circuits. According to tiie method, the interconnect arrangement 
interconnects the switching system and at least one multiplex of circuits (e.g., a DS1 multiplex comprising 

45 24 circuits) of at least one of Uie transmission facilities. The interconnect arrangement also interconnects 
ones of the units of the system, and reconfigures the interconnection of units to perform load balancing or 
fault recovery. For example, the interconnect arrangement may interconnect a peripheral unit (AlU 2117) 
and a first switching unit (TSIU 2031) for switching calls to and from peripheral circuits (lines 2118). The 
interconnect arrangement then reconfigures tiie interconnection of units such that the peripheral unit (AlU 

50 2117) and a second switching unit (TSIU 2032) are interconnected. The interconnect arrangement and the 
switching system are under common control. 

An illustrative method of the invention is usable in an arrangement comprising first and second 
switching systems (50, 70) (FIG. 8) having a transmission facility (60) interposed therebetween. The first 
switching system (50) includes a first switching networic (52) for providing switched connections between 

55 ones of a plurality of first peripheral circuits (lines 55). The first switching system furtiier includes a first 
system control (51) for controlling tiie first switching network. The second switching system (70) includes a 
second switching network (72) for providing switched connections between ones of a plurality of second 
peripheral circuits (lines 75). The second switching system furtiier includes a second system control (71) for 
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controlling the second switching network. In response to a reconfiguration signal (received on link 57 from 
system control 51), a group of the first peripheral circuits (lines 55) are connected via the transmission 
facility (60) to the second switching network (72) (not through the first switching network (52)). The second 
system control (71) processes calls to and from the group of first peripheral circuits (lines 55), including 
6 controlling call signaling communication with the group of first peripheral circuits, and controlling the 
establishment of switched connections in the second switching network (72) to and from the group of first 
peripheral circuits. 

BriefPescripticn of the Drawing 

10 

FIGS. 1-3 are diagrams of a prior art switching system; 

FIGS, 4a and 4b, arranged in accordance with FIG. 4, comprise a diagram illustrating modifications and 
additions to the switching system of FIGS. 1-3 to provide the integration of an interconnection 
arrangement (a DACS) with a switching system, under a common control structure, in a central office 
T5 wire center CO-2000; 

FIG. 5 is a diagram of an add/drop fiber ring architecture where the interconnection arrangement is 
implemented using add/drop multiplexers connected in a fiber ring in a distributed architecture rather 
than using a DACS; 

FIG. 6 is a diagram of an illustrative switching system which combines both distributed switching and 
20 distributed control and which is used to describe the reconfiguration of switching system functional units 
in accordance with the invention (the relationship between elements of FIG. 6 and FIGS. 4a and 4b is 
given in Table 2 herein); 

FIG. 7 Is a block diagram of memory facilities included in the switching system of FIG. 6; and 
FIG. 8 is a functional representation of two central office wire centers of the type shown in FIGS. 4a and 
25 4b. 

DetaUedDescription 



The description which follows relates to the integration of an interconnection arrangement, e.g., a DACS, 
30 with a local central office switching system. In the specific embodiment described, the interconnection 
arrangement is based generally on the AT&T DACS IV digital access and crossconnect system described in 
the publication AT&T 365-301-004 "DACS IV (Digital Access and CrossConnect System IV); the central 
office switching system is based generally on the AT&T 5ESS® Switch described in the AT&T Technical 
Journal, July-August 1985, Vol. 64, No. 6, Part 2. The description is anranged in four parts: (1) the AT&T 
35 5ESS Switch is described as it exists in the prior art; (2) modifications and additions to the 5ESS Switch are 
then described which provide the integration of an interconnection arrangement with a switching system, 
under a common control structure, in a central office wire center CO-2000 (FIGS. 4a and 4b); (3) a further 
embodiment (FIG. 5) is described where the interconnection arrangement is implemented using add/drop 
multiplexers connected in a fiber ring in a distributed architecture rather than using a DACS; and (4) the 
40 reconfiguration of interconnections between switching system functional units for load balancing and fault 
recovery is then described. 

PriorArt System 1000 

45 FIGS. 1-3 are used to describe the prior art switching system 1000. U. S. Patent 4,323,843 issued to H. 
J. Beuscher et al. on March 30,1982 and U. S. Patent 4,683,584 issued to S. Chang et al. on July 27,1987 
describe aspects of the system in detail. 

Switching system 1000 (FIG. 1) has three major components: an administrative module (AM) 4000 that 
provides systemwide administration, maintenance, and resource allocation; a communications module (CM) 

50 2000 that provides a hub for distributing and switching voice or digital data, control information, and 
synchronization signals; and a number of switching modules (SMs) 3000-1, 3000-N that perform local 
switching and control functions and that provide interfaces to subscriber lines and interexchange circuits. 

AM 4000 provides the system-level interfaces required to operate, administer, and maintain system 
1000. It performs functions that can most economically be done globally, such as common resource 

55 allocation and maintenance control. For reliability. AM 4000 includes fully duplicated processors and the two 
processors work in an active/standby configuration. In normal operation the active processor has control 
and, at the same time, keeps the data in the standby processor up to date. Thus when a fault occurs in the 
active processor, the standby processor is switched into service with no loss of data. 
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AM 4000 performs many call-processing support functions, including systemwide craft maintenance 
access, diagnostic and exercise control and scheduling, software recovery and initialization, and certain 
fault-recovery and error-detection functions best done on a centralized basis. Within AM 4000, there is 
error-checking circuitry for detecting and isolating faults. AM 4000 also performs administrative functions 

5 and provides software access to external data links and to disk storage (not shown). 

The basic function of CM 2000 (FIG. 2) is to provide consistent communications between the SMs, and 
between AM 4000 and the SMs. A message switch (MSGS) 2020 transfers call-processing and administra- 
tive messages between the SMs and AM 4000, and between any two SMs. MSGS 2020 performs a packet- 
switching function within system 1000 utilizing the well-known X.25 level-2 protocol to transfer control 

10 messages through CM 2000 and its terminating network control and timing (NCT) links 100-1, 100-N. This 
protocol includes error detection, positive message acknowledgment, and message retransmission in the 
event of a transmission error. A network clock 2030 provides the clock signals that synchronize the time- 
division network. Clock 2030 is synchronized through an external source or runs on an internal reference 
basis with periodic updating. 

75 System 1000 uses a time-space-time architecture. As illustrated in FIG. 3. a time-slot Interchange unit 
(TSIU) in each SM performs the time-division switching; a time-multiplexed switch (TMS) 2010 in CM 2000 
(FIG. 2) performs the time-shared space-division switching. At each Interface unit (FIG. 3) the outputs from 
lines and trunks are converted into 16-bit time slots. These bits are used for signaling, control, and parity, 
and for binary-coded voice or data. The time slots are switched through the TSIU and time-multiplexed on 

20 NCT links to TMS 2010. 

TMS 2010 (FIG. 2) is a single-stage switching network that provides the digital paths for switched 
connections between the modules and for control messages among modules. TMS 2010 interconnects the 
modules via the NCT links. Each NCT link can-ies 256 channels (time slots) of multiplexed data in a 32.768- 
Mb/s serial bit stream. One of the time slots carries control messages, and the remaining 255 time slots 

25 carry digitized voice or data. Two NCT links are associated with each switching module, thus allowing 512 
time slots to be routed to and from TMS 2010. (However, only a single line 100-1 is shown in the drawing to 
represent both NCT links between SM 3000-1 and CM 2000.) Setting up a path between a line or trunk on 
two SMs involves finding an idle time slot on one of the NCT links to each SM. A path is then set up 
through TMS 2010 between the two NCT links using the selected time slot. The TSIU in each SM 

30 establishes a path between the selected NCT time slot and the peripheral time slot associated with the line 
or trunk. (Since the paths are bidirectional, one NCT time slot is needed for each direction of transmission. 
In the present embodiment however, the time slots for the two directions are selected to have the same 
number.) 

One of the signaling bits of the 16-bit time slots on the NCT links to TMS 2010, referred to as the E-bIt, 

35 is used for continuity verification between SMs after an inter-SM call has been set up through TMS 2010. 
For example, after a call between SM 3000-1 and SM 3000-N has been set up through TMS 2010 using a 
particular time slot, both SM 3000-1 and SM 3000-N begin transmitting a logic one E-bit in the particular 
time slot as a continuity signal and both also begin scanning the E-bit of the particular time slot received 
from the other SM. The call setup procedure is not considered complete until both SM 3000-1 and SM 

40 3000-N have detected the E-bit continuity signal from the other SM. 

SMs such as SM 3000-1 (FIG. 3) provide call-processing intelligence, the first stage of switching 
network, and line and trunk terminals. SMs differ in the types and quantities of interface equipment they 
contain, depending upon the characteristics of the lines or funks terminating thereon. Certain equipment is 
however, common to all SMs. The common equipment includes a link interface 3030, a TSIU 3010, and a 

45 module control unit 3020. Link interface 3030 provides a two-way interface between each SM and TMS 
2010 in CM 2000. Module control unit 3020 controls call processing, call disti-ibution. and maintenance 
functions. A variety of interface units 3041,3042 are available in system 1000. Line units provide interfaces 
to analog lines. Trunk units provide interfaces to analog trunks. Digital line trunk units provide interfaces to 
digital tnjnks and remote SMs. while digital carrier line units provide the interface to digital carrier systems. 

50 Integrated services line units provide interfaces to digital ISDN lines. Each SM can accommodate any 
mixture of these units, with up to 510 channels. Two time slots are used for control. 

TSIU 3010 includes a signal processor, which handles address and signaling infomnation and a control 
interface, which distributes control signals to and from the interface units. TSIU 3010 switches time slots 
between tiie interface units in an SM and connects time slots from ihe interface units to time slots on NCT 

55 links. TSIU 3010 switches 512 time slots-256 from each of tiie NCT links between SM 3000-1 and CM 
2000-and 512 peripheral time slots from the interface units. TSIU 3010 can connect any of its 512 
peripheral time slots to any otfier peripheral time slot, or to any time slot of eitiier NCT link to CM 2000. 
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CentralOffice Wire Center CO-2000 



FIGS. 4a and 4b comprise a diagram of an architecture for a central office wire center CO-2000 where a 
switching system and a DACS are integrated under the common control of an administrative module (AM) 

5 2052. In FIGS. 4a and 4b. the DACS functionality is implemented by a digital networking unit (DNU) 2059. 
The other elements in FIGS. 4a and 4b are elements of a switching system based on the architecture of 
system 1000 (FIG. 1) but with modifications and additions as described herein. 

CO-2000 includes one or more switching modules. SM-2000. SM-2000'. which, like the conventional 
switching modules of the prior art system, perform time-switching functions under the control of a 

10 distributed module control unit or switching module processor (SMP) 2041, 2042. However, switching 
modules SM-2000 and SM-2000' are substantially larger than conventional switching modules and can 
switch approximately 16K peripheral time slots and 16K network time slots. Also included as part of the 
switching system is a remote switching module RSM-2000, controlled by SMP 2043. and a remote terminal 
RT-2000, both located at a distance from CO-2000, and interconnected with CO-2000 via fiber links 2121 

75 and 2122. Conventional switching modules such as SM 2050 controlled by SMP 2044 and providing service 
to lines and trunks 2049, may also be included in the same system. 

SM-2000 includes a time-slot interchange unit (TSIU) 2031 which switches time slots between interface 
units connected via peripheral control and timing (PCT) links 2080, 2081. 2071, and connects time slots 
from the peripheral interface units to time slots on network control and timing (NCT) links 2056 to 

20 communications module 2055. Access interface unit (AlU) 2078 provides the system interface to lines 2112 
.including POTS (plain old telephone service), ISDN (integrated services digital network) and special lines 
2112. AIU 2078 provides the typical functionality (battery, overvoltage. ringing, supervision, 
coding/decoding, hybrid, testing) for analog lines, and terminates the standard B and D channels for ISDN 
lines. Special lines include lines to private branch exchanges, foreign exchanges, etc. Trunk unit (TIU) 2076 

25 provides the system interface to trunks 2111 at DS1 and 0C-1/0C-3 rates (Table 1). The PCT links are 
terminated at both ends by peripheral link interfaces (PUs). Note that DNU 2059 is connected as a 
peripheral unit. 



TRANSMISSION RATES 
DS-0 = 1 voice circuit = 64 kb/s 
DS-1 = 24 voice circuits = 1.544 Mb/s 
DS-3 = 672 (28 x 24) voice circuits = 44.736 Mb/s 
OC-1 = 672 voice circuits = STS-1 = 51.84 Mb/s 
OC-3 = 2016 (3 X 672) voice circuits = STS-3 = 155.520 Mb/s 
OC-n = 8064 (4 X 2016) channels = STS-12 = 622.080 Mb/s 
VT1.5 = 1.728 Mb/s Sonet envelope containing a DSl rate signal. 

Table 1 



45 

In the present exemplary embodiment, the NCT and PCT fiber optic links transmit data at an OC-3 rate and 
each comprise 2016 time slots. (Alternatively, three links at an OC-1 rate may replace one link at an OC-3 
rate.) The number of NCT links is engineered dependent on the amount of inter-module traffic. SM-2000 
can connect any of its peripheral time slots to any other peripheral time slot, or to any of the network time 

50 slots on NCT links 2056. Within CM 2055, a given NCT link 2056 is divided into lines each comprising 256 
time slots, for switching by a time-multiplexed, space-division switch to the other switching modules. 

DNU 2059, based on the above-referenced DACS IV. includes a DACS controller 2061 . which operates 
in response to commands from AM 2054 via CM 2055 and data link 2058, to control the operation of a 
DACS interconnection fabric 2062. Fabric 2062 has a plurality of ports and provides crossconnections 

65 between ports at DS1, DS3. OC-3 and OC-1 2 rates, for example, among interface units such as units 2063- 
2069. DNU 2059 is used to perform conventional crossconnection functions, performed by separate DACS 
systems in the prior art, such as interconnecting DSIs between other switching systems and crossconnect 
systems. DNU 2059 also interconnects DSl multiplexes from transmission facilities 2060, 2070 via PCT 
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links to SM-2000 and SM-2000' for DSO switching. In some applications, all inter-office trunks may be 
received by DNU 2059 rather than by Tills within SM-2000 or SM-2000'. DNU 2059 is also used to 
interconnect remote terminal RT-2000. via a fiber link 2122 in accordance with Bellcore Technical 
Reference TR303. with SM-2000. The number of PCT links between DNU 2059 and SM-2000 is engineered 

5 based on the required traffic. 

DNU 2059 is usable to provide semi-permanent connectivity between SM-2000 and SM-2000' for use in 
handling some of the inter-module call traffic, without requiring the use of the individually switched 
connections through CM 2055. For example, in one alternative all inter-module calls are routed through 
DNU 2059, and CM 2055 is used only when the semi-permanent connectivity through DNU 2059 is all 

70 being used for other calls. 

RT-2000 includes an AlU 2117 for interfacing POTS, ISDN, and special lines 2118 with time slots on 
link 2122. AlU 2117 has time slot interchange capability such that a group of 24 special lines, for example, 
are combined within a single DS1 multiplex on link 2122 and crossconnected by DNU 2059 with a 
transmission facility to another switching system, without being switched through SM-2000. Lines 2118 may 

75 include metallic and/or optical fiber lines. AlU 2117 operates as a digital loop carrier system in the manner 
of the AT&T SLC® carrier systems. All the circuits from RT-2000 that are to be individually switched by 
SM-2000 are crossconnected via fabric 2062 to interface unit 2063, which performs framing functions and 
terminates a derived data link for control messages from AlU 2117. Interface unit 2063 also performs 
overhead processing for SONET streams received via facilities 2060, 2070. The message processing from 

20 such streams is performed by SMP 2041. 

RSM-2000. which is substantially identical to SM-2000, is connected via fiber links 2121 and DNU 2059 
to SM-2000 which operates as a host switching module in the manner described in U. S, Patent 4.550.404 
issued to M. M. Chodrow et al.. on October 29.1985. Alternatively. RSM-2000 may be connected directly via 
links 2121 to CM 2055 for operation as an optical remote module. 

25 AM 2052 performs the functions of AM 4000 (FIG. 1) of the prior art system, and further includes a 
processor referred to as a local operations manager (LOM) 2053 to interface operations support systems 
(OSSs) for both switching systems and crossconnect systems as well as to the craft interface used in 
controlling, in an integrated fashion, the operations, administration, maintenance, and provisioning (OAM&P) 
functions, for both the switching system and the interconnect arrangement (DNU 2059). 

30 An illustrative method is used in a central office wire center CO-2000 (FIGS, 4a and 4b) Including an 
interconnect arrangement (DNU 2059) terminating transmission facilities (2060, 2070). and further including 
a switching system including peripheral units (AlUs, TIUs) for interfacing peripheral circuits (lines, trunks) 
with the switching system. The switching system also includes switching units (TSIUs 2031. 2032) for 
providing switched communication among the peripheral circuits in response to calls to and from the 

35 peripheral circuits. The wire center further includes a control means (AM 2052) common to the interconnect 
arrangement and the switching system. In response to the control means, the interconnect arrangement 
interconnects the switching system and at least one multiplex of circuits (e.g.. a DS1 multiplex comprising 
24 circuits) of at least one of the transmission facilities. Also in response to the control means, the switching 
system establishes calls to and from individual circuits of that multiplex. 

40 The interconnect arrangement also interconnects units of the switching system. For example, the 
interconnect arrangement interconnects a peripheral unit (AlU 2117) at a remote terminal (RT-2000) and a 
switching unit (TSIU 2031) at the central office wire center. Alternatively, the interconnect arrangement 
interconnects a peripheral unit and a switching unit that are both located at the centra! office wire center. 
The interconnect arrangement is usable to interconnect two switching units, e.g., a host switching unit (TSIU 

45 2031) at the central office wire center and a remote switching unit (TSIU 2033) at a distance from the wire 
center, or two distributed switch units (TSIUs 2031 . 2032) at the wire center. The switching system further 
includes a central switch (CM 2055) for providing switched communication between different switching units 
(TSIUs 2031 .2032). 

An illustrative combination comprises a switching system, an interconnect means (DNU 2059). and 
50 control means (AM 2052) common to the switching system and the interconnect means. The switching 
system selectively interconnects ones of a plurality of communication circuits (DSO circuits). The intercon- 
nect means selectively interconnects ones of a plurality of communication multiplexes (e.g., DSI multi- 
plexes each comprising 24 DSO circuits). A first of the multiplexes (a DSI on PCT link 2071) is connected 
to the switching system. The control means controls both the interconnection by the interconnect means of 
55 ones of the multiplexes, and the establishment by the switching system of calls to and from individual ones 
of the circuits of the first multiplex. 

The control means includes a common operations, administration, maintenance, and provisioning 
system for the switching system and the interconnect means. The interconnect means has a plurality of 
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ports (connected to lUs 2063-2069) and interconnect control means (DACS controller 2061) for controlling 
the interconnection of the ports. The interconnect means and the switching system are colocated at a 
central office wire center (CO-2000). 

A second multiplex (a DS1 on link 2122) conveys information to and from peripheral communication 
5 circuits (lines 2118). The control means controls the interconnection by the interconnect means of the first 
and second multiplexes, and the establishment by the switching system of calls to and from individual ones 
of the peripheral circuits via the first multiplex, the interconnect means, and the second multiplex. 

A third multiplex (a DS1 on link 2060) and a fourth multiplex (a DS1 on link 2070) are not connected to 
the switching system. The control means controls the interconnection of the third and fourth multiplexes. 
70 The third and fourth multiplexes may be connected to other switching systems and interconnect means that 
are independent of the control means. 

Add/DropFiber Ring Architecture 

75 FIG. 5 is a diagram of an alternative to the architecture of FIGS. 4a and 4b. In FIG. 5. the function of the 
interconnect arrangement, (performed by DNU 2059 in FIGS. 4a and 4b) is performed by a plurality of 
add/drop multiplexer units DDM-2000 interconnected in a ring. In the present example, the ring operates at 
an OC-12 rate. A multiplexer unit DDM-2000 is used to receive transmission facilities, e.g., 2060, 2061. at 
DS1. DS3, OC-3 and OC-12. and performs bandwidth shedding, add/drop multiplexing, and SONET 

20 overhead processing as required. The add/drop functionality of a particular unit DDM-2000 is programmed 
by the SMP of the associated SM-2000, under the overall control of AM 2052. DS1 multiplexes received on 
transmission facilities 2060-2069, or from remote terminals RT-2000 or remote switching modules RSM- 
2000, are connectable via the ring to any one of the SM-2000s for switching. The crossconnection of 
multiplexes may by performed within the DDM-2000s or the SM-2000s. 

25 

Reconfiguration 

The principles of the invention are described in the following manner. Rrst the reconfiguration of 
functional units is described in general terms with reference to an illustrative switching system 10 (FIG. 6) 

30 which combines both distributed switching and distributed control. The relationship between switching 
system 10 and the illustrative central office wire center CO-2000 (FIGS. 4a and 4b) is then discussed as 
well as the specific reconfiguration methods used in wire center CO-2000. Reconfiguration among multiple 
switching systems (FIG. 8) is then described. 

Switching system 10 (FIG. 6) serves a plurality of peripheral circuits, e.g., lines 23 and trunks 24 as well 

35 as trunks receivable, for example, via a DS1 multiplex of circuits on transmission facility 29. System 10 
includes a plurality of distributed switch units 11, 12, 13. The control structure of system 10 includes a 
central control 26 and a plurality of distributed control units 14, 15, 16 each associated with one of the 
distributed switch units. System 10 further includes peripheral interface units 21 and 22 for interfacing 
peripheral circuits, e.g., lines 23 and trunks 24. with system 10. 

40 A central switch 25 provides switched connections between different ones of the distributed switch units 
11, 12, 13. Central control 26. which provides administrative functions for system 10, may also be used to 
control central switch 25. Alternatively, central switch 25 is controlled by tiie distributed switch units 11, 12. 
13. 

An interconnection arrangement 20 selectively connects the peripheral interface units 21, 22 to the 
45 distributed switch units 11, 12, 13. For example, at system initialization, peripheral interface unit 21 may be 
connected to distributed switch unit 11. Disti'ibuted control unit 14 then controls the processing of calls to 
and from lines 23. Such call processing includes controlling call signaling communication, e.g., alerting, 
answering, etc., witii lines 23, and controlling the establishment of switched connections in distributed 
switch unit 1 1 to and from lines 23. For calls between lines 23 and other lines and tmnks connected to other 
50 distributed switch units, distributed conti'ol unit 14 cooperates with other distributed control units to extend 
switched connections tiirough otiier distributed switch units. 

Assume tfiat central control 26 determines tiiat a reconfiguration would be desirable such tiiat lines 23 
are connected to distiibuted switch unit 12 rather tiian distributed switch unit 11. The determination may be 
made to effect load balancing in tenms of processing load between distributed control units 14 and 15 or in 
55 terms of switching element resources, e.g., time slots, between distributed switch units 11 and 12, or to 
provide fault recovery in tfie event of a failure of distributed control unit 14 or distributed switch unit 11. 
Central control 26 generates a reconfiguration signal, which in tiie present example, is transmitted via 
central switch 25 and a data link 28 to interconnection arrangement 20. Interconnection arrangement 20 
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responds by connecting peripheral interface unit 21 to distributed switch unit 12. Thereafter, distributed 
control unit 15 controls the processing of calls to and from lines 23. Such call processing includes 
controlling call signaling communication, e.g., alerting, answering, etc.. with lines 23, and controlling the 
establishment of switched connections In distributed switch unit 12 to and from lines 23. For calls between 
5 lines 23 and other lines and trunks connected to other distributed switch units, distributed control unit 15 
cooperates with other distributed control units to extend switched connections through other distributed 
switch units. 

The distributed control units 14, 15, 16 include memory facilities 17, 18, 19. Memory 17 (FIG. 7), for 
example, includes blocks 30, 31, and 32, for storing programs, static data, and dynamic data. Static data 

10 block 31 stores, for example, logical/physical translation data needed for cooperatively processing calls with 
other distributed control units. For economy of memory space, each distributed control unit only stores 
static data sufficient to process calls to and from peripheral circuits connected to the associated distributed 
switch unit and to cooperate with the other distributed control units in processing inter-switch-unit calls (calls 
which are switched through two distributed switch units). However, a memory facility 27 included in central 

76 control 26 stores all such data for system 10. When a reconfiguration is to be effected, central control 26 
modifies the static data in the memories of the distributed control units as required. Alternatively, all data 
required for possible reconfigurations could be stored by each of the distributed control units. 

It is to be noted that some peripheral interface units may be selectively connectable via interconnection 
arrangement 20 to multiple distributed switch units, while other peripheral interface units are directly 

20 connected to distributed switch units. 

A reconfiguration capability in accordance with the invention is included in the architecture of central 
office wire center CO-2000 (FIGS. 4a and 4b). AlU 2117 is initially connected via DNU 2059 to TSIU 2031. 
Calls to and from lines 2118 are processed by SMP 2041. In response to a requirement for load balancing 
or fault recovery, AM 2052 generates a reconfiguration signal. DNU 2059 receives that signal via CM 2055 

25 and data link 2058 and responds by connecting AlU 2117 instead to TSIU 2032. Calls to and from lines 
2118 are then processed by SMP 2042. The relationship between elements of switching system 10 (FIG. 6) 
and CO-2000 (FIGS. 4a and 4b) is given by Table 2. 



no. 6 


FIGS. 4a and 4b 


central control 26 


AM 2052 


central switch 25 


CM 2055 


distributed switch 11, 12, 13 


TSIU 2031, 2022 


distributed control 14, 15, 16 


SMP 2041. 2042 


interconnection arrangement 20 


DNU 2059 


peripheral interface unit 21 


AIU2117 


lines 23 


lines 2118 


facility 29 


facility 2060 


Table 2 





45 

An example of the call processing functions of the SMPs in CO-2000 (FIGS. 4a and 4b) Is directory 
number translation. As described in the above-referenced S. Chang et al. U. S. Patent 4.683,584, the 
directory number translation function is done in a manner allowing flexibility in assigning directory numbers 
to switching system ports but minimizing the magnitude of the storage facilities required in each control unit 

50 (SMP). Each SMP stores the complete directory number translation for certain directory numbers but stores 
an index referencing other SMPS for other directory numbers. The SMPs referenced are not necessarily the 
same ones that are associated with the ports defined by those other directory numbers. Thus the call setup 
sequence frequently involves three SMPs-the SMPs associated with the originating and terminating ports, 
and an intermediate SMP which stores the directory number translation information for the received 

55 directory number. However. AM 2052 maintains complete translation information for all directory numbers. 
Thus when AlU 2117 is moved from TSIU 2031 to TSIU 2032. AM 2052 modifies the translation data stored 
in all SMPs such that calls to the directory numbers of lines 2118 are properly translated and completed via 
TSIU 2032. The path hunt function required to determine a path through CM 2055 may be perfom^ed by 
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AM 2052 as described in tfie above-referenced H. J. Beusciier et al. U. S. Patent 4,322,843. or may be 
cooperatively performed by the SMPs in the manner described in U.S. Patent 4,805.166 issued to M.T. 
Ardon et al. on February 14, 1989. 

A further example of reconfiguration of switching system functional units in the CO-2000 architecture 
5 relates to remote switching module RSM-2000. Initially. RSM-2000 is connected via DNU 2059 to SM-2000 
which operates as a host switching module in the manner of the above-referenced M. M Chodrow et al. U. 
S. Patent 4,550,404. This arrangement may be reconfigured by controlling DNU 2059 to connect RSM-2000 
to SM-2000' and controlling SM-2000' to operate as the host switching module. 

It is to be noted that AlU 2078 and TIU 2078 are in fixed association with TSIU 2031 in the CO-2000 

10 architecture of FIGS. 4a and 4b. Alternatively, AlU 2078 and TIU 2078 are connected instead to DNU 2059. 
and are then reconfigurable by DNU 2059 to be connected to TSIU 2032 and to have calls to and from 
trunks 2111 and lines 2112 processed by SMP 2042. 

An illustrative method of the invention is used in a central office wire center CO2000 (FIGS. 4a and 4b) 
including an interconnect arrangement (DNU 2059) terminating transmission facilities (2060, 2070) and 

75 further including a switching system comprising a plurality of units including peripheral units (AlUs, TIUs) for 
interfacing peripheral circuits (lines, trunks) with the switching system. The plurality of units also includes 
switching units (TSIUs 2031, 2032) for providing switched communication among the peripheral circuits in 
response to calls to and from the peripheral circuits. According to the method, the interconnect arrangement 
interconnects the switching system and at least one multiplex of circuits (e.g., a DS1 multiplex comprising 

20 24 circuits) of at least one of the transmission facilities. The interconnect arrangement also interconnects 
ones of the units of the system, and reconfigures the Interconnection of units to perform load balancing or 
fault recovery. For example, the interconnect arrangement may interconnect a peripheral unit (AlU 2117) 
and a first switching unit (TSIU 2031) for switching calls to and from peripheral circuits (lines 2118). The 
interconnect arrangement then reconfigures the interconnection of units such that the peripheral unit (AlU 

25 2117) and a second switching unit (TSIU 2032) are interconnected. The interconnect arrangement and the 
switching system are under common control. 

An illustrative method of the invention is usable in an arrangement comprising first and second 
switching systems (50, 70) (FIG. 8) having a transmission facility (60) interposed therebetween. The first 
switching system (50) includes a first switching network (52) for providing switched connections between 

30 ones of a plurality of first peripheral circuits (lines 55). The first switching system further includes a first 
system control (51) for controlling the first switching network. The second switching system (70) includes a 
second switching network (72) for providing switched connections between ones of a plurality of second 
peripheral circuits (lines 75). The second switching system further includes a second system control (71) for 
controlling the second switching network. In response to a reconfiguration signal (received on link 57 from 

35 system control 51), a group of the first peripheral circuits (lines 55) are connected via the transmission 
facility (60) to the second switching network (72) (not through the first switching network (52)). The second 
system control (71) processes calls to and from the group of first peripheral circuits (lines 55). including 
controlling call signaling communication with the group of first peripheral circuits, and controlling the 
establishment of switched connections in the second switching network (72) to and from the group of first 

40 peripheral circuits. The second system control (71) processes calls to and from the group of first peripheral 
circuits (lines 55), including controlling call signaling communication with the group of first peripheral 
circuits, and controlling the establishment of switched connections in the second switching network (72) to 
and from the group of first peripheral circuits. The information required to allow system control 71 to 
process calls to and from lines 55 is transmitted from system control 51 to system control 71 via a common 

45 channel signaling link 61 . FIG. 8 is a functional representation of two central office wire centers of the type 
shown in FIGS. 4a and 4b, 

The described reconfigurations may also be effected when the fiber ring of add/drop units is used as 
the interconnect arrangement as in FIG. 5. 

50 Claims 

1. A switching system serving a plurality of peripheral circuits comprising at least one of lines and trunks, 
said system comprising 

switching means for providing switched connections between ones of said plurality of peripheral 
55 circuits, said switching means comprising a plurality of distributed switch means, 

control means for controlling said switching means, said control means including a plurality of 
distributed control means each associated with one of said distributed switch means. 

means for selectively connecting a group of said plurality of peripheral circuits to one of at least 
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first and second ones of said distributed switch means, said first and second distributed switch means 
being associated with first and second ones of said distributed control means, respectively, 

means for storing data enabling said first distributed control means to process calls to and from 
said group of said peripheral circuits when said connecting means connects said group of said 

5 peripheral circuits to said first distributed switch means, said call processing by said first distributed 
control means including controlling call signaling communication with said group of said peripheral 
circuits, controlling the establishment of switched connections in said first distributed switch means to 
and from said group of said peripheral circuits, and cooperating with other of said distributed control 
means to extend, through other of said distributed switch means, switched connections in said first 

10 distributed switch means to and from said group of said peripheral circuits, and enabling said second 
distributed control means to process calls to and from said group of said peripheral circuits when said 
connecting means connects said group of said peripheral circuits to said second distributed switch 
means, said call processing by said second distributed control means including controlling call 
signaling communication with said group of said peripheral circuits, controlling the establishment of 

IS switched connections in said second distributed switch means to and from said group of said peripheral 
circuits, and cooperating with other of said distributed control means to extend, through other of said 
distributed switch means, switched connections in said second distributed switch means to and from 
said group of said peripheral circuits. 

20 2. A switching system in accordance with claim 1 wherein said switching means further comprises 

central switch means for providing switched connections between ones of said distributed switch 
means. 

3. A switching system in accordance with claim 2 wherein said central switch means is controlled by said 
25 plurality of distributed control means. 

4. A switching system in accordance with claim 1 wherein said control means further comprises central 
control means for providing administrative functions for said system. 

30 5. A switching system in accordance with claim 4 wherein said switching means further comprises 

central switch means for providing switched connections between ones of said distributed switch 
means. 

6. A switching system in accordance with claim 5 wherein said central switch means is controlled by said 
35 central control means. 

7. A switching system in accordance with claim 5 wherein said central switch means is controlled by said 
plurality of distributed control means. 

A method for use in a central office wire center Including an interconnect arrangement terminating 
transmission facilities, said wire center further including a switching system comprising a plurality of 
units including peripheral units for interfacing peripheral circuits with said switching system, said 
peripheral circuits including at least one of lines and tmnks, said plurality of units further including 
switching units for providing switched communication among said peripheral circuits in response to 
calls to and from said peripheral circuits, said method comprising 

said interconnect anrangement interconnecting said switching system and at least one multiplex of 
circuits of at least one of said facilities, 

said interconnect arrangement interconnecting ones of said plurality of units of said switching 
system, and 

said interconnect arrangement reconfiguring the interconnection of ones of said plurality of units of 
said switching system. 

9, A method in accordance with claim 8 

said reconfiguring to perform toad balancing among said plurality of units. 

55 

10. A method in accordance with claim 8 

said reconfiguring to perform failure recovery among said plurality of units. 



40 8. 



45 
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11. A method in accordance with claim 8 wherein said interconnecting units comprises 

interconnecting one of said peripheral units and a first one of said switching units for switching calls 
to and from ones of said peripheral circuits, and said reconfiguring comprises 

interconnecting said one peripheral unit and a second one of said switching units for switching calls 
5 to and from said ones of said peripheral circuits. 

12. A method in accordance with claim 11 wherein said one peripheral unit and said first and second 
switching units are at said central office wire center. 

10 13. A method in accordance with claim 11 wherein said first and second switching units are at said central 
office wire center and said one peripheral unit is at remote terminal at a distance from said wire center. 

14. A method in accordance with claim 8 wherein said interconnecting units comprises 

interconnecting one of said peripheral units and a first one of said switching units for switching calls 
15 to and from ones of said peripheral circuits, and said reconfiguring comprises 

interconnecting said one peripheral unit and a second switching system for switching calls to and 
from said ones of said peripheral circuits. 

15. A method in accordance with claim 8 wherein said interconnect arrangement interconnecting said 
20 switching system and said at least one multiplex of circuits comprises 

said interconnect arrangement interconnecting a first one of said switching units and said multiplex 
of circuits, the circuits of said multiplex to be individually switched by said first switching unit, said 
method further comprising 

said interconnect arrangement reconfiguring interconnections such that a second one of said 
25 switching units and said multiplex of circuits are interconnected, the circuits of said multiplex to be 
individually switched by said second switching unit. 

16. A method in accordance with claim 8 wherein said interconnecting units comprises 

interconnecting one of said peripheral units and a first one of said switching units for switching calls 
30 to and from ones of said peripheral circuits, said reconfiguring comprises 

interconnecting said one peripheral unit and a second switching system for switching calls to and 
from said ones of said peripheral circuits, said interconnect arrangement interconnecting said switching 
system and said at least one multiplex of circuits comprises 

said interconnect arrangement interconnecting said first switching unit and said multiplex of circuits, 
35 the circuits of said multiplex to be individually switched by said first switching unit, said method further 
comprising 

said interconnect arrangement reconfiguring interconnections such that said second switching 
system and said multiplex of circuits are interconnected, the circuits of said multiplex to be individually 
switched by said second switching system. 

40 

17. A method in accordance with claim 8 wherein said interconnecting units comprises 

interconnecting first and second ones of said switching units for connecting calls to and from said 
second switching unit via said first switching unit, said first switching unit being a host switching unit at 
said central office wire center, and said second switching unit being a remote switching unit at a 
45 distance from said wire center, and said reconfiguring comprises 

interconnecting a third one of said switching units and said second switching unit for connecting 
calls to and from said second switching unit via said third switching unit, said third switching unit being 
a host switching unit at said central office wire center. 

50 18. A method in accordance with claim 8 wherein said wire center further includes control means common 
to said switching system and said interconnect anrangement. and said method is perfomned by under 
the control of said control means. 



19. 

65 



A method in accordance with claim 18 further comprising 

said control means controlling the establishment by said switching system of calls to and from 
individual ones of said multiplex of circuits. 
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FIG. 3 
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FIG, 6 
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FIG, 8 
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